Background Research shows that unemployment reduces access to health care and vaccines and increases financial difficulty, family conflict, and other sources of stress that are known to suppress immune function. In addition, seasonal unemployment rates parallel seasonal influenza activity. Following a theory that argues that macroeconomic conditions affect population health, this paper examines whether there is an association between monthly unemployment rates and influenza activity.
Seasonal influenza, which typically involves a marked increase in flu infections during winter months, poses a persistent threat to populations in temperate climates. It is estimated that 24AE7 million Americans contract and more than 40 000 people die from seasonal influenza each year. 1 Influenza viruses spread through direct or indirect interpersonal contacts -through aerosolization or the direct transmission of respiratory droplets (e.g. because of coughing or sneezing), via direct physical contact with an infected individual (e.g. a handshake), or through contact with contaminated surfaces. 2 Influenza can survive on nonporous surfaces and then transfer to a person's hands for up to 24 hours. 3 Factors that help to account for variation in seasonal influenza activity include viral evolution, seasonal host health, and seasonal climate change, as well as social factors such as air travel, and local social mixing and crowding patterns. [4] [5] [6] This paper examines the possibility that population-level unemployment rates, given their seasonal nature, also contribute to seasonal influenza activity. Research shows that other population health measures, such as the mortality rate, are affected by macroeconomic conditions including annual GDP per capita and unemployment. 7, 8 One reason for this is that fluctuation in the business cycle leads to stress and skill obsolescence, which disproportionately affect socioeconomically disadvantaged individuals. 9 Macroeconomic conditions may therefore help to explain seasonal influenza activity because of their influences on health.
Researchers have documented consequences of socioeconomic disadvantage for individuals' access to health care and exposure to stressful events that suppress immune function. 10 People who lack health insurance and who have low household income are less likely to receive influenza vaccination. 11, 12 Unemployed persons also have no access to flu vaccination programs that are organized by employers to reduce downstream labor costs caused by worker absenteeism. 13 Beyond this, unemployment leads to increases in stress, loneliness, depression, low self-esteem, and financial strain, which can increase susceptibility to infection. [14] [15] [16] [17] [18] [19] [20] Furthermore, it is important to note that the risk of influenza infection is not solely a function of individuallevel experiences. For one, broader labor market conditions can have an effect on individuals' immune function that is independent of those individuals' own employment situations. Fear of job loss and perceived job insecurity during periods of high unemployment increase psychological distress and morbidity even among employed persons. [21] [22] [23] In addition, there is evidence that employed persons who escape layoffs experience more stress, depression, and illness because of the combined effects of job insecurity, guilt, and increased workloads. [24] [25] [26] [27] [28] The partners and children of unemployed individuals also experience health problems because of the stresses of financial difficulty and family conflict. 29, 30 Furthermore, because influenza is an infectious disease that diffuses through direct and indirect interpersonal contact, it spreads from unemployed individuals to others in a way that other health outcomes that have been linked to macroeconomic conditions (e.g. cardiovascular disease, cirrhosis, accidental death, and suicide) do not. For all of these reasons, we might expect to find higher rates of influenza activity in the general population (including unemployed as well as employed individuals) in areas where unemployment is high.
Methods
This analysis examines the impact of the level of unemployment on levels of flu activity in a given area. I use reports of overall influenza activity provided by the Centers for Disease Control and Prevention (CDC). Influenza surveillance coordinators and epidemiologists in each state summarize data on influenza activity levels for CDC each week throughout the regular flu season (October through mid May). Their summaries are based on a number of data inputs, including virologic surveillance reports from public health laboratories, medical centers, and outpatient care sites, as well as vital statistics, and estimates derived from diffusion models.
State epidemiologists cull and analyze these data then provide a summary assessment of flu activity levels within their state each week: 'no activity,' 'sporadic,' 'local,' 'regional,' or 'widespread.' The 'widespread' classification is of particular interest, as it indicates serious levels of flu activity, which have immediate public health implications. Influenza is classified as widespread when there is evidence of 'outbreaks of influenza or increases in [influenza-like illness], and recent laboratory-confirmed influenza, in at least half the regions of the state.' 31 The 'regional' classification is similar to the widespread classification but indicates that influenza activity is only evident in more than two but fewer than half of the regions of a state. 'Local' refers to outbreaks of influenza a single region of the state, while 'sporadic' activity reflects small numbers of laboratory-confirmed influenza cases reported or a single outbreak, but no recent increase in cases of influenza-like illness. These classifications lack precision, but they are less prone to selection bias caused by differential access to health care that plague mortality and hospital data. I record these classifications for each week comprising the 1999-2000 through the 2010-2011 flu seasons. In my analysis, I focus primarily on specifying the association between unemployment and the likelihood of 'widespread' influenza activity. Because 'regional' activity is not trivial and is often a precursor of widespread activity, I also conduct a parallel set of analyses in which I specify the risk of the lower threshold of widespread or regional influenza activity during a given time period.
Measurement of unemployment
State-specific unemployment data are available from the Bureau of Labor Statistics (BLS) via the monthly Current Population Surveys (CPS). The CPS is a monthly survey of about 50 000 households conducted by the Bureau of the Census. An individual is classified as unemployed if s ⁄ he does not have a job, s ⁄ he has actively looked for work at some point in the past 4 weeks, and s ⁄ he is currently available for work. These cases are aggregated each month by state and expressed as a percent of the total labor force. This definition focuses on people who want to be working but are not and thereby captures the relative size of the most affected segment of the population. The BLS often adjusts unemployment rates for typical seasonal unemployment (e.g. because of seasonal fluctuation in construction, agricultural, or tourism work). I present analyses that use the original unadjusted rates, as seasonal unemployment is also a source of uncertainty, stress, and poverty in some areas. 32, 33 However, supplementary analyses that use seasonally adjusted unemployment rates yield comparable results (available upon request).
Statistical analysis
Centers for Disease Control and Prevention reports state influenza activity levels on a weekly basis during the regular flu season, while state-level unemployment data are only available by month. To estimate the relationship between unemployment and influenza activity levels, I construct a set of state-month observations for all flu seasons between October 1999 and December 2010. I use the weekly influenza activity reports to determine the highest level of flu activity reported for each state during each month of the study period. The analysis includes all months between October and May for each flu season, yielding 91 months of observations. The primary dependent variable, Y, is a dichotomous indicator of whether influenza activity was ever 'widespread' during the month in question. A secondary dependent variable indicates whether influenza activity was ever 'widespread' or 'regional' during the month in question.
Given that these outcomes are dichotomous and vary over time, a logistic time-series cross-section regression model is appropriate:
where P is the probability that flu is 'widespread' (Y = 1) in a given state during a given month-year. X includes a set of 11 predictors of influenza that are measured for a given state in the month prior to the observation (described later), where the state's unemployment rate is the primary predictor of interest. Because influenza has a predictable seasonal pattern, T is a set of 17 fixed effects that specify the time period of the observation, including six separate parameters for the month of the observation (e.g. January) as well as 11 parameters for the flu season in which it occurs (e.g. 2009-2010). To capture unobserved unit heterogeneity, the model incorporates fixed effects for each state, S, which control for factors that could affect the overall rate of influenza spread in a given state, such as geographic size, transportation infrastructure, number of large cities, as well as differences in influenza surveillance strategies and resources. 34 Finally, to attenuate autocorrelation across time points within states and to capture the survivability of the virus, the model also includes Y s, t)1 , which is an indicator of whether flu was widespread in the state in question in the month prior to the outcome observation.
X includes 10 time-varying state-specific covariates alongside the measure of unemployment. First, the seasonality of both influenza activity and the unemployment rate has been linked to climate, as the survivability of influenza viruses is greater where air is cool and dry. 6 The peak of influenza during the winter months may also be due to behavioral changes like more frequent congregation of groups indoors. 35 Failure to take climate into account may therefore result in omitted variable bias that yields misleading estimates of the impact of unemployment on influenza. As proxies for climatic factors that may affect influenza survivability, I use data on temperature (°F) and precipitation (in inches) compiled by the Northeast Regional Climate Center (NRCC). The data include daily measurements by multiple stations within each state. I average these across all days and stations to generate mean averages for each state-month for the entire period. Including both average temperature and precipitation variables simultaneously resulted in variance inflation, but removing one or the other does not change the results.
Spatial autocorrelation is a potential concern, as the influenza activity level in one state could reflect broader regional factors. States are not only exposed to similar climates as adjacent states, they are also exposed to influenza viruses circulating within adjacent states because of interstate travel associated with daily commutes and commerce. This facilitates the between-state progression of influenza. 36 To take this into account, I identify all states that border a given state and calculate the average influenza activity levels (measured ordinally: 0 = 'no activity,' 3 = 'widespread') of those states in the previous month. This measure, which is included in X, is an approximation of the extent to which influenza is encroaching on a given state at a given time.
A number of other covariates may vary with both influenza activity and unemployment. Using monthly CPS data, I created measures of the size of the labor force, percent urban (spatial concentration of the population), percent college-educated and percent impoverished, percent married, average household size, and age for the month prior to the observation in question. These are statemonth-specific covariates that are also included in X. Because these measures are so sluggish and do not change much from month to month within states, they are effectively collinear with the state fixed effects and therefore give rise to major variance inflation. Norming these variables within states by expressing them as z-scores for the state in question (e.g. for a given state, how many standard deviations below ⁄ above the norm was the observed percent of residents who were college-educated in a given month, as compared with all other months observed for that state) eliminated this multicollinearity.
I limit the analysis to months during the flu seasonOctober through May. Because influenza activity surveillance is not reported for September, there are no data on previous time points to predict the October observations. This restricts outcomes to be predicted by the models to those that occur during the 7-month period between November and May, which is when epidemic peaks are most evident. 37 With 48 contiguous states and an observation for each of 7 months between the 1999-2000 flu season, and for the first 2 months of the 2010-2011 flu season, this equals 79 time periods, and a total of 3792 possible state-months of observation. There are 80 observations missing because of missing reports of influenza activity during a given month in a given state (or in adjoining states), yielding a total of 3712 valid state-month observations. Results Table 1 displays the distribution of influenza activity levels across states, by month, from October 1999 to December 2010. Widespread influenza activity designations are least common in November, April, and May and are most common in February, with 43AE1% of states reaching that level of influenza activity at least once during that month. A similar pattern is evident when the lower threshold of 'regional or widespread' activity is used. A seasonal connection between influenza activity and the unemployment rate becomes evident when comparing the distribution of influenza activity levels to the distribution of the average unadjusted unemployment rate across states, by month, during the study period (Figure 1 ). Unemployment peaks in January, 1 month prior to the peak in the prevalence of widespread and regional influenza activity. Table 2 displays trends in influenza activity for the flu seasons that comprise the study period, from 1999 to 2010. In general, both influenza activity and unemployment increased during the study period. The most recent season for which complete data are available -the 2009-2010 flu season -peaked unusually early. The beginning of that season was the most active on record for this study period (93AE8% of states reported regional or widespread activity in November 2009), while the typical peak of flu season (February) was one of the two weakest peaks on record for the study period (14AE6% of states reported regional or widespread activity in February 2010). Table 3 presents odds ratios from the pooled time-series cross-section logistic regression analysis predicting influenza activity for state-months spanning the study period. All models include fixed effects for state, month, and influenza season. The first two models predict whether influenza activity was widespread. From the second column (which removes non-significant state-month predictors), the odds of widespread influenza activity in a given state-month are greater when influenza was widespread in the previous month (OR = 2AE66, 95% CI 1AE98, 3AE59). The odds of widespread influenza are also greater for a given state when adjacent states had elevated influenza activity levels in the previous month (OR = 4AE40, 95% CI 3AE49, 5AE55), suggesting a significant degree of between-state influenza spread and ⁄ or larger regional influences that affect adjacent states' influenza levels in similar ways. Neither of the climate measures is significantly associated with influenza activity. However, closer inspection reveals that both temperature and precipitation are significantly negatively associated with widespread influenza activity if the fixed effects for month are removed (OR = 0AE93, 95% CI 0AE92, 0AE94; OR = 0AE80, 95% CI 0AE68, 0AE94; respectively).
Net of these factors, the odds that influenza is widespread in a given state were higher under conditions of high unemployment (OR = 1AE21, 95% CI 1AE07, 1AE37). The magnitude of the association is shown in Figure 2 , which plots predicted probabilities of widespread flu under different labor market conditions. The predicted probability of widespread influenza activity when unadjusted unemployment is at 3AE6% (which was the overall average unemployment rate in 1999) is 0AE05, compared with a predicted probability of 0AE13 when unemployment is at 8AE8% (the overall average unemployment rate in 2010). A supplementary analysis shows similar results when using seasonally adjusted unemployment rates instead of the original unadjusted rates (OR = 1AE18, 95% CI 1AE03, 1AE34).
It is worth noting that the effect of unemployment is slightly more pronounced at the 'regional or widespread' Figure 2 . Predicted probabilities of regional and ⁄ or widespread influenza activity levels during the regular flu season, given different levels of unemployment. a Predicted probabilities are calculated from log(odds) for the models presented in columns 2 and 4 on Table 3 .
Predictors are held at their means.
threshold of influenza activity, as shown in columns 3 and 4 of Table 3 . From the final model, a one-percentage-point increment in the unemployment rate is associated with a 30AE2% increment in the odds of regional or widespread influenza (95% CI 1AE17, 1AE45). As shown in Figure 2 , the predicted probability that a state has at least regional influenza activity when the unadjusted unemployment rate is at 3AE6% is 0AE21, compared with a predicted probability of 0AE51 when unemployment is at 8AE8%. Results are similar when using seasonally adjusted unemployment rates (OR = 1AE28, 95% CI 1AE15, 1AE43).
Conclusion
This paper examined the relationship between the statelevel unemployment rate and influenza activity within the 48 contiguous United States during the 1999-2010 flu seasons. The primary finding is that high state-level unemployment increases the risk of both regional and widespread influenza activity during the subsequent month. These results persist despite the inclusion of a number of time-varying state-level characteristics, including proximity to influenza activity in adjacent states, temperature, and precipitation. It is worth noting that neither temperature nor precipitation is significantly associated with the likelihood of widespread influenza activity within states. These measures are significant when month fixed effects are removed, however, suggesting that the month indicators are jointly correlated with climate. It is unclear to what extent this correlation reflects social factors such as the prevalence of indoor group activities related to holiday celebrations, or unobserved heterogeneity with respect to climate itself, like humidity.
Finally, it is beyond the scope of this paper to specify the mechanisms that account for the link between unemployment and influenza activity. Previous work suggests that this association partly reflects the consequences of unemployment for access to health care, as well as stress and suppression of immune function in both employed and unemployed individuals. 10, 18 Models of state-level influenza like the ones presented here cannot capture factors that increase individual-level risk of contracting influenza. Additional work is needed to determine the role of the macroeconomic climate as an independent predictor alongside individual-level factors in multilevel models of influenza risk. Knowledge of the particular vulnerability of disadvantaged populations has in the past motivated tailored interventions to increase access to influenza vaccinations in inner-city areas. 38, 39 Tests of interventions that target areas with high local unemployment rates or where mass layoff have occurred may provide useful tests of the general hypothesis that unemployment facilitates influenza spread.
